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In criminal and civil investigations, postmortem interval is used as evidence to help sort 28 out circumstances at the time of human death. Many biological, chemical, and physical 29 indicators can be used to determine the postmortem interval -but most are not accurate. 30 Here, we sought to validate an experimental design to accurately predict the time of death 31 by analyzing the expression of hundreds of upregulated genes in two model organisms, 32 the zebrafish and mouse. In a previous study, the death of healthy adults was conducted 
Introduction
Since conventional DNA microarray approaches yield noisy data [9] , in 2011 we 83 developed the "Gene Meter" approach that precisely determines specific gene 84 abundances in biological samples and minimizes noise in the microarray signal [10, 11] . 85 The reason this approach is precise is because the behavior of every microarray probe is 86 determined by calibration -which is analogous to calibrating a pH meter with buffers.
87
Without calibration, the precision and accuracy of a meter is not known, nor can one 88 know how well the experimental data fits to the calibration (i.e., R 2 ). The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/058370 doi: bioRxiv preprint first posted online Jun. 12, 2016; testing the coefficients was repeated at least 50,000 or more times and the gene 235 transcript sets generating the best fit (R 2 ) and slopes were identified (Fig 1) . 
Results
245
The 36,811 probes of the zebrafish and 37,368 probes of the mouse were calibrated. Of To predict PMIs using perfectly defined linear regressions, the number of gene transcripts 313 used for the regression has to equal the number of postmortem sampling times. The 314 zebrafish was sampled 11 times and the mouse was sampled 7 times, therefore 11 and 7 The gene transcription profiles of the 11 genes used in peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/058370 doi: bioRxiv preprint first posted online Jun. 12, 2016; Table 3 for information on the equations and probes.
412
The poor predictability of the brain gene transcript sets (i.e., R 2 <0.95) could be attributed 413 to the low number of repeated selections of gene transcript sets and the variability in gene 414 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/058370 doi: bioRxiv preprint first posted online Jun. 12, 2016;  abundances between the training and testing datasets. We repeated the analysis of the 415 brain samples an additional 1,000,000 times, which resulted in some improvement. The 416 best fit and slope for 50,000 gene transcript set selections was R 2 =0.83 and m=0.77 (not 417 shown). The best fit and slope for 1,000,000 selections was R 2 =0.93 and m=0.85 (Fig 4,   418 Panel B) with the second best being R 2 =0.92 and m=0.86 (Fig 4, Panel C) peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . We compared the variability in gene transcript abundances between training and testing training and testing datasets for the liver and brain samples (Fig 5 versus Fig 6) by 
450
To further test this phenomenon, a small amount of random noise was added to the 451 abundances of mouse liver gene transcripts (Fig 5) , which originally had very low upregulated gene expression data in order to provide "proof of principle".
500
The abundance of a gene transcript is determined by its rate of synthesis and its rate of 501 degradation [57] . In this study, the synthesis of mRNA had to far exceed its degradation by probe A_15_P569742, increased substantially at 48 h postmortem (Fig 3) . It is 508 presumed that differences in the transcript profiles affect the value of the coefficients in The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/058370 doi: bioRxiv preprint first posted online Jun. 12, 2016;
It should be noted that the upregulation of postmortem genes is optimal for PMI 513 prediction because only about 1% of the total genes of an organism were upregulated in 514 organismal death -which is rare indeed. In contrast, a focus on downregulated genes 515 would not be practical because one does not know if downregulated genes are due to 516 repression, degradation of the total RNA, or exhausted resources such as those needed for 517 the transcript machinery function (e.g., dNTPs and RNA polymerase).
518
Given that gene transcripts from the liver were better at PMI predictions than those from 519 the brain suggests that mRNA transcripts from some organs are better than others. It is 520 conceivable that upregulated postmortem genes could be found in the heart, kidney, 521 spleen or muscle, which needs further exploration.
522
It is important to recognize that this study would probably not be possible using 523 conventional microarray approaches because normalizations could yield up to 20 to 30% 524 differences in the up-or down-regulation depending on the procedure selected [59] [60] [61] [62] . 525 The Gene Meter approach does not require the data to be normalized since the microarray 526 probes are calibrated. Moreover, in the processing of samples, the same amount of 527 labeled mRNA was loaded onto the DNA microarray for each sample (1.65 µg), which 528 eliminates the need to divide the microarray output data by a denominator in order to 529 compare samples. 530 We recognize that our experimental design did not consider factors such as temperature, 531 which have been considered in other models [e.g., 4]. To do so would go beyond the 532 stated objectives of providing a "proof of principle" for the optimal experimental design 533 (i.e., perfectly-defined linear regressions based on multiple gene transcripts) using a high 534 throughput approach. Nonetheless, future studies could make our experimental design 535 more universal by integrating temperature and other factors into the regression models.
536
In addition to providing "proof of principle" of a new forensic tool for determining PMI, 537 the approach could be used as a tool for prospective studies aimed at improving organ 538 quality of human transplants. 
